
Water Quality Treatment - Pond F

Project : Universal Studios Project 533
Orlando, Florida

P.N. : 06008049
By : Harris Civil Engineers, LLC
Date : 02/06/15

Drainage Impervious Pervious Pond Percent   One Inch 2.5 Inches
Drainage Area Area Area Area Impervious  Of Runoff On Impervious
Basin I.D. (ac) (ac)   Excluding From Entire Areas **

Roof & Pond Site
Pavement Roof (ac) (ac) Areas (ac-ft) (ac-ft)

 
Basin F 22.52 7.42 3.36 7.36 4.38 50.2% 1.88 1.55

 

Required Water Quality Volume  = 1.88 ac-ft

**  Calculation based upon the design examples provided in the SFWMD Environmental Resource Permit Information Manual, Volume IV.  
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Water Quality Treatment - Pond F1

Project : Universal Studios Project 533
Orlando, Florida

P.N. : 06008049
By : Harris Civil Engineers, LLC
Date : 02/06/15

Drainage Impervious Pervious Pond Percent   One Inch 2.5 Inches
Drainage Area Area Area Area Impervious  Of Runoff On Impervious
Basin I.D. (ac) (ac)   Excluding From Entire Areas **

Roof & Pond Site
Pavement Roof (ac) (ac) Areas (ac-ft) (ac-ft)

Saphire Falls 23.67 8.74 0.88 9.47 4.58 48.0% 1.97 1.91
Basin G2 41.06 23.90 7.16 10.00 0.00 70.5% 3.42 6.03
Basin G1 30.91 15.78 2.44 12.69 0.00 55.4% 2.58 3.57

Basin CSF2 8.47 5.10 2.60 0.77 0.00 86.9% 0.71 1.53

Total 104.11 53.52 13.08 32.93 4.58 61.9% 8.68 11.15

Required Water Quality Volume  = 11.15 ac-ft

**  Calculation based upon the design examples provided in the SFWMD Environmental Resource Permit Information Manual, Volume IV.  

Water Quality Treatment - Pond F2

Project : Universal Studios Project 533
Orlando, Florida

P.N. : 06008049
By : Harris Civil Engineers, LLC
Date : 02/06/15

Drainage Impervious Pervious Pond Percent   One Inch 2.5 Inches
Drainage Area Area Area Area Impervious  Of Runoff On Impervious
Basin I.D. (ac) (ac)   Excluding From Entire Areas **

Roof & Pond Site
Pavement Roof (ac) (ac) Areas (ac-ft) (ac-ft)

 
Basin F2 9.05 3.90 0.57 3.78 0.80 50.8% 0.75 0.81

 

Required Water Quality Volume  = 0.81 ac-ft

**  Calculation based upon the design examples provided in the SFWMD Environmental Resource Permit Information Manual, Volume IV.  
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Stormwater Pond Stage/Area/Storage Relationships
And Weir Elevation Determination

Project : Universal Studios Project 533
Orlando, Florida

P.N. : 06008049
By : Harris Civil Engineers, LLC
Date : 02/06/15

P O N D    H
 Stage Depth Surface Surface Average Incremental Total

Area Area Area Volume Volume
(feet) (feet) (square feet) (acres) (acres) (ac-Ft) (ac-Ft)

102.00 0.00 1,006,083 23.10 0.00 0.00 0.00
103.00 1.00 1,029,369 23.63 23.36 23.36 23.36
104.00 2.00 1,069,123 24.54 24.09 24.09 47.45
105.00 3.00 1,110,104 25.48 25.01 25.01 72.47
106.00 4.00 1,149,655 26.39 25.94 25.94 98.40
107.00 5.00 1,198,787 27.52 26.96 26.96 125.36

Required Water Quality Volume = 4.67 ac-ft

Depth to Weir = 0.30 ft
Control Elevation = 102.00 ft

Weir Elevation = 102.30 ft

Water Quality Volume Provided = 6.95 ac-ft
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Stormwater Pond Stage/Area/Storage Relationships
And Weir Elevation Determination

Project : Universal Studios Project 533
Orlando, Florida

P.N. : 06008049
By : Harris Civil Engineers, LLC
Date : 02/06/15

P O N D    F
 Stage Depth Surface Surface Average Incremental Total

Area Area Area Volume Volume
(feet) (feet) (square feet) (acres) (acres) (ac-Ft) (ac-Ft)

100.00 0.00 179,903 4.13 0.00 0.00 0.00
101.00 1.00 187,308 4.30 4.22 4.22 4.22
102.00 2.00 197,762 4.54 4.42 4.42 8.64
103.00 3.00 208,652 4.79 4.67 4.67 13.30
104.00 4.00 219,978 5.05 4.92 4.92 18.22
105.00 5.00 230,868 5.30 5.18 5.18 23.40
106.00 6.00 242,194 5.56 5.43 5.43 28.83
107.00 7.00 253,955 5.83 5.70 5.70 34.52
108.00 8.00 265,280 6.09 5.96 5.96 40.48

Required Water Quality Volume = 1.88 ac-ft

Depth to Weir = 0.50 ft
Control Elevation = 100.00 ft

Weir Elevation = 100.50 ft

Water Quality Volume Provided = 2.09 ac-ft
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Stormwater Pond Stage/Area/Storage Relationships
And Weir Elevation Determination

Project : Universal Studios Project 533
Orlando, Florida

P.N. : 06008049
By : Harris Civil Engineers, LLC
Date : 02/06/15

P O N D    F 1
 Stage Depth Surface Surface Average Incremental Total

Area Area Area Volume Volume
(feet) (feet) (square feet) (acres) (acres) (ac-Ft) (ac-Ft)

104.00 0.00 199,505 4.58 0.00 0.00 0.00
105.00 1.00 206,474 4.74 4.66 4.66 4.66
106.00 2.00 213,880 4.91 4.83 4.83 9.49
107.00 3.00 220,849 5.07 4.99 4.99 14.48
108.00 4.00 228,254 5.24 5.16 5.16 19.63
109.00 5.00 235,660 5.41 5.33 5.33 24.96
110.00 6.00 243,065 5.58 5.50 5.50 30.45
111.00 7.00 250,470 5.75 5.67 5.67 36.12
112.00 8.00 257,440 5.91 5.83 5.83 41.95
113.00 9.00 264,845 6.08 6.00 6.00 47.94
114.00 10.00 271,814 6.24 6.00 17.99 54.10

Required Water Quality Volume = 11.15 ac-ft

Depth to Weir = 2.40 ft
Control Elevation = 104.00 ft

Weir Elevation = 106.40 ft

Water Quality Volume Provided = 11.46 ac-ft

Proj\01002.05\Drainage\Excel\533 SFWMD Calcs 2015-01-27



Stormwater Pond Stage/Area/Storage Relationships
And Weir Elevation Determination

Project : Universal Studios Project 533
Orlando, Florida

P.N. : 06008049
By : Harris Civil Engineers, LLC
Date : 02/06/15

P O N D    F 2
 Stage Depth Surface Surface Average Incremental Total

Area Area Area Volume Volume
(feet) (feet) (square feet) (acres) (acres) (ac-Ft) (ac-Ft)

102.00 0.00 34,595 0.79 0.00 0.00 0.00
103.00 1.00 39,506 0.91 0.85 0.85 0.85
104.00 2.00 44,572 1.02 0.97 0.97 1.82
105.00 3.00 49,790 1.14 1.08 1.08 2.90
106.00 4.00 56,247 1.29 1.22 1.22 4.12
107.00 5.00 62,632 1.44 1.36 1.36 5.48
108.00 6.00 69,361 1.59 1.52 1.52 7.00

Required Water Quality Volume = 0.81 ac-ft

Depth to Weir = 1.00 ft
Control Elevation = 102.00 ft

Weir Elevation = 103.00 ft

Water Quality Volume Provided = 0.85 ac-ft
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Drawdown Time Calculation

Project : Universal Studios Project 533
Orlando, Florida

P.N. : 06008049
By : Harris Civil Engineers, LLC
Date : 02/06/15

P O N D    F
 Stage Depth Surface Surface Average Incremental Total

Area Area Area Volume Volume
 (feet) (feet) (square feet) (acres) (acres) (ac-Ft) (ac-Ft)

100.00 0.00 179,903 4.13 0.00 0.00 0.00
101.00 1.00 187,308 4.30 4.22 4.22 4.22
102.00 2.00 197,762 4.54 4.42 4.42 8.64
103.00 3.00 208,652 4.79 4.67 4.67 13.30
104.00 4.00 219,978 5.05 4.92 4.92 18.22
105.00 5.00 230,868 5.30 5.18 5.18 23.40

Water Quality Volume Provided = 2.09 ac-ft
Drawdown Volume (1/2" over basin) = 0.94 ac-ft

Remaining Water Quality Volume = 1.15 ac-ft

Depth of Remaining Volume  = 0.28 ft
Orifice Invert  = 100.00 ft

Drawdown Level  = 100.28 ft

Approximate Groundwater Seepage Rate = 0 gpd/ lf
Pond Perimeter @ Normal Water Line = 0 ft

Groundwater Inflow = 158,983 gpd
Groundwater Inflow = 0.488 ac-ft/day

Inflow from Upstream (Pond F1)= 0.185 ac-ft/hr
Inflow from Upstream (Pond F1)= 4.430 ac-ft/day

  FALLING HEAD EQUATION:

t = {2 * V * 43560} / {C * A o  * (2*g)  0.5  * (h 1
 0.5  + h 2

 0.5 )}
where:

t     = drawdown time (sec) V    = Pond volume to be drawn down (ac-ft)
A o   = Orifice area (s.f.) h 1   = Initial height above orifice centerline (ft)

C   = Orifice coefficient h 2   = Final height above orifice centerline (ft)

Initial Elevation = 100.50 ft
Final Elevation = 100.28 ft

Total Drawdown Volume = 5.92 ac-ft
Number of  Bleeddowns = 8

Orifice Coefficient = 0.6
Orifice Diameter = 5 in

Drawdown Time = 33.8 hrs
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Drawdown Time Calculation

Project : Universal Studios Project 533
Orlando, Florida

P.N. : 06008049
By : Harris Civil Engineers, LLC
Date : 02/06/15

P O N D    F 1
 Stage Depth Surface Surface Average Incremental Total

Area Area Area Volume Volume
 (feet) (feet) (square feet) (acres) (acres) (ac-Ft) (ac-Ft)

104.00 0.00 199,505 4.58 0.00 0.00 0.00
105.00 1.00 206,474 4.74 4.66 4.66 4.66
106.00 2.00 213,880 4.91 4.83 4.83 9.49
107.00 3.00 220,849 5.07 4.99 4.99 14.48
108.00 4.00 228,254 5.24 5.16 5.16 19.63
109.00 5.00 235,660 5.41 5.33 5.33 24.96

Water Quality Volume Provided = 11.46 ac-ft
Drawdown Volume (1/2" over basin) = 4.34 ac-ft

Remaining Water Quality Volume = 7.12 ac-ft

Depth of Remaining Volume  = 1.52 ft
Orifice Invert  = 104.00 ft

Drawdown Level  = 105.52 ft

Approximate Groundwater Seepage Rate = 0 gpd/ lf
Pond Perimeter @ Normal Water Line = 0 ft

Groundwater Inflow = 84,015 gpd
Groundwater Inflow = 0.258 ac-ft/day

Approximate Underdrain Flowrate = 0 gpd
Approximate Underdrain Flowrate = 0.000 ac-ft/day

  FALLING HEAD EQUATION:

t = {2 * V * 43560} / {C * A o  * (2*g)  0.5  * (h 1
 0.5  + h 2

 0.5 )}
where:

t     = drawdown time (sec) V    = Pond volume to be drawn down (ac-ft)
A o   = Orifice area (s.f.) h 1   = Initial height above orifice centerline (ft)

C   = Orifice coefficient h 2   = Final height above orifice centerline (ft)

Initial Elevation = 106.40 ft
Final Elevation = 105.52 ft

Total Drawdown Volume = 4.34 ac-ft
Number of  Bleeddowns = 4

Orifice Coefficient = 0.6
Orifice Diameter = 4 in

Drawdown Time = 23.5 hrs
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Drawdown Time Calculation

Project : Universal Studios Project 533
Orlando, Florida

P.N. : 06008049
By : Harris Civil Engineers, LLC
Date : 02/06/15

P O N D    F 2
 Stage Depth Surface Surface Average Incremental Total

Area Area Area Volume Volume
 (feet) (feet) (square feet) (acres) (acres) (ac-Ft) (ac-Ft)

102.00 0.00 34,595 0.79 0.00 0.00 0.00
103.00 1.00 39,506 0.91 0.85 0.85 0.85
104.00 2.00 44,572 1.02 0.97 0.97 1.82
105.00 3.00 49,790 1.14 1.08 1.08 2.90
106.00 4.00 56,247 1.29 1.22 1.22 4.12
107.00 5.00 62,632 1.44 1.36 1.36 5.48

Water Quality Volume Provided = 0.85 ac-ft
Drawdown Volume (1/2" over basin) = 0.38 ac-ft

Remaining Water Quality Volume = 0.47 ac-ft

Depth of Remaining Volume  = 0.57 ft
Orifice Invert  = 102.00 ft

Drawdown Level  = 102.57 ft

Approximate Groundwater Seepage Rate = 0 gpd/ lf
Pond Perimeter @ Normal Water Line = 0 ft

Groundwater Inflow = 0 gpd
Groundwater Inflow = 0.000 ac-ft/day

Approximate Underdrain Flowrate = 0 gpd
Approximate Underdrain Flowrate = 0.000 ac-ft/day

  FALLING HEAD EQUATION:

t = {2 * V * 43560} / {C * A o  * (2*g)  0.5  * (h 1
 0.5  + h 2

 0.5 )}
where:

t     = drawdown time (sec) V    = Pond volume to be drawn down (ac-ft)
A o   = Orifice area (s.f.) h 1   = Initial height above orifice centerline (ft)

C   = Orifice coefficient h 2   = Final height above orifice centerline (ft)

Initial Elevation = 103.00 ft
Final Elevation = 102.57 ft

Total Drawdown Volume = 0.38 ac-ft
Number of  Bleeddowns = 1

Orifice Coefficient = 0.6
Orifice Diameter = 3 in Minimum size orifice used

Drawdown Time = 24.1 hrs
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Report
Geotechnical Engineering Services 

NBC Universal Project 533 
Universal Resort Orlando 
Orange County, Florida 

PSI Project No. 07571238



 
 

 
Professional Service Industries, Inc.  1748 33rd Street  Orlando  FL 32839  Phone 407/304-5560  Fax 407/304-5561 

Engineering Certificate of Authorization 3684 

 
       January 14, 2015 
 
 
 
Universal Orlando 
1000 Universal Studios Plaza 
Orlando, Florida 32819 
 
Attention: Mr. Frank E. Bianchi 
 Senior Project Manager Facility 
 
 
      RE: Report 
       Geotechnical Engineering Services 
       NBC Universal Project 533 
       Universal Resort Orlando 
       Orange County, Florida 
       PSI Project No. 07571238 
 
Dear Mr. Bianchi: 
 
In general accordance with our proposal to you dated October 30, 2014, Professional Service 
Industries, Inc. (PSI) has been providing geotechnical engineering services in connection with 
the noted project.  Presented herein is an overview of the field work and laboratory testing 
completed to date together with recommendations for use in site preparation and foundation 
design. 
 

PROJECT CONSIDERATIONS 
 
The project is a proposed water theme park to be constructed to the south of the recently opened 
Cabana Beach Resort.  The site is a vacant tract of land that occupies a plan area of some 25± 
acres.  The site is generally triangular in shape, bounded by I-4 to the south, Turkey Lake Road 
to the west and the new hotel to the north.  A generalized plan view of the area under 
consideration is included on Figure 1. 
 
We understand that new construction will include slides and pools plus various recreational 
facilities.  A tall “volcano” with slides will be constructed in the southern portion of the site.  
There will be a series of low-rise buildings constructed throughout the site with several 
containing equipment pits.  The site is to be graded by cutting and filling, the full extent of which 
is not known to us at this time.  We do however understand that some construction elements will 
be located several feet below the water table. 
 
The largest below grade construction will be the bunker that is associated with the Volcano.  The 
finished floor slab of the bunker is understood to be elevation +117 feet, some 20± feet below 
existing grade.  Pool shells will also be located below grade with the deepest such feature being 
at the wave pool next to the Volcano equipment bunker. 
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Foundation loads for the most part are expected to be relatively light for most buildings and 
slides. (Assumed to be on the order of 100 to 200 kips for isolated column pads with strip 
footings carrying in the range 3 to 6 kips per linear foot).  The volcano, which will be built with a 
steel framework, will be more heavily loaded with the structure carrying between 600 and 1,000 
kips. This structure is also likely to be subjected to very high uplift loads.  Some of the below 
ground structures may need to be designed to resist permanent unbalanced hydrostatic pressures, 
with anchor piles possibly being needed for such purposes. 
 
Associated with the project will be at-grade pavement areas to include service/access roads and 
surface parking.  Buried utilities will be constructed/provided to support the new project. A 
retaining wall will be built along a portion of the property line next to the I-4 on ramp.  This wall 
will be up to 8 feet high. 
 

SITE CONDITIONS 
 
As noted earlier, the site is located at the south end of Universal Resort, to the south of the 
recently opened Cabana Beach Resort.  The property occupies a plan area of some 25± acres, 
being bounded by Turkey Lake Road to the west and the I-4 ramp to the south/east.  The ground 
cover consists of exposed sands with grass/weeds with areas in the northwest that were formerly 
used for construction trailer parking and staging/storage of materials and equipment for earlier 
construction projects.  There are a few berms located around the perimeter of the project site 
(Turkey Lake Road side of the property and the I-4 ramp areas). 
 
There is an existing wet bottom stormwater retention pond at the south end of the site.  This pond 
is to be reclaimed as part of the new project. 
 
Ground surface elevations across the site generally range from +140 feet in the west to +120 feet 
in the east, gently sloping to the low in the northeast corner of the site.  In the eastern portion of 
the site, shallow excavation work was carried out in the past to obtain fill for a theme park 
project.  This area is presently being refilled with material being obtained from a hotel/resort site 
to the east. 
 
A review of the USDA Soil Survey for Orange County as contained on the internet indicates the 
vast majority of the site to be mantled by surficial Soil Group 20 (Immokalee fine sand).  The 
typical profile for this soil group is 80 inches of clean to slightly silty fine sands (i.e. SP and 
SP/SM materials).  The normal wet season high groundwater table is reported as being within 
one foot of the natural ground surface.  (This estimate is for sites that do not have any drainage 
improvements). 
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SUBSURFACE CONDITIONS 
 
General 
 
Subsurface conditions at the site were evaluated by drilling/sampling a series of borings.  The 
borings were drilled using a combination of Standard Penetration Test (SPT) procedures and 
auger techniques.  A total of 56 borings will ultimately be drilled for the study (5 borings are yet 
to be completed).  Of the total to be drilled, 26 will be completed following SPT procedures and 
30 with auger techniques.  The SPT borings were advanced to depths of between 25 and 100 feet 
below existing grade with the auger boring depths ranging from 10 to 20 feet. 
 
The SPT borings were carried out in general accordance with the procedures outlined in ASTM 
D-1586.  For most of the SPT borings, an automatic hammer was used to drive the sample spoon.  
A few borings were however completed using a safety hammer. 
 
The approximate location at which the borings were drilled are shown on Sheet 1.  Coordinate 
and ground surface elevation information for the borings was determined by Tinklepaugh 
Surveying Services.  This information is included on Table 1.   
 
Samples recovered from the borings were returned to our Orlando laboratory for visual 
stratification and select testing. Subsoils were visually stratified following the guidelines 
contained in the Unified Soil Classification System (USCS).  Records of the materials 
encountered in the borings are presented as soil profiles on Sheets 2 through 10.  These sheets 
include a legend describing the subsoils in USCS format.  These sheets also note which SPT 
borings used an automatic hammer and which used a safety hammer. 
 
Select samples were tested to determine natural moisture content and percent fines passing the 
U.S. Standard No. 200 sieve.  A few Atterberg limits tests were also completed on some of the 
more clayey materials. The various laboratory tests were carried out following appropriate 
ASTM procedures.  The results of the tests are included with the soil profiles on Sheets 2 
through 10 adjacent to the depth increment of the test specimen. 
 
As part of the field program, six standpipe piezometers were installed at the site. The 
piezometers were constructed of 2-inch diameter schedule 40 pvc pipe with the lower 10 feet 
slotted and surrounded by filter sand.  Since installation, the piezometers have been read on six 
occasions (refer to Table 2A). 
 
Stratigraphy 
 
The borings have disclosed reasonably consistent subsoil conditions across the site.  For the 
purpose of discussion, these conditions have been generalized as follows. 
 
In the depth interval drilled, 10 to 100 feet below existing grade, subsoils for the most part 
comprise a varying sequence of fine sands.  These sands grade clean to slightly silty and 
silty/clayey in composition (SP, SP/SM, SM and SC materials).  Interbedded within the sands are 
discontinuous layers of clay (sandy clay to clay).  Where present, these clay layers are typically 
on the order of 5 to 15 feet thick. 
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Based on SPT blow counts, the sands are in a loose to medium dense condition with localized 
zones that grade dense to very dense.  There are hardpan zones in the upper soil column where 
the sands grade weakly/partially cemented.  These materials are typically present at depths on the 
order of 5 to 15 feet below grade and with the layer on the order of 5 to 10 feet thick.  The clay 
layers were generally observed to be in a medium stiff to stiff condition with zones that are 
locally very stiff. 
 
In the deeper borings, we encountered green gray silty/clayey sands of the Hawthorn formation.  
These materials are regionally continuous and act as an aquiclude over the limestone formation 
(Floridan Aquifer).  Based on our experience at Universal Resorts, limestone is expected to be 
encountered at depths in excess of 150 feet below grade at this particular site (approximate 
elevation -50 feet+/-). 
 
Groundwater 
 
Groundwater level measurements were made in the borings at the time of drilling.  These 
measurements disclosed the water table at depths in the range 3 to 8 feet below existing grade.  
In the eastern portion of the project, some standing water was noted during our engineering 
work.  Based on the survey information provided to us, the measured water table depths were at 
elevations in the range +115.1 to +137.6 feet.  The water table contours generally follow those of 
the ground surface, being higher in the west than in the east. 
 
As part of our work on the project, we installed six standpipe piezometers across the site.  The 
piezometers were installed at the approximate locations shown on Sheet 1.  During the course of 
our work on the project, the piezometers were read on six occasions.  The results of the 
piezometer readings are included on Table 2.  During the field program, there has been about 
two feet of fluctuation in the water level readings in the piezometers.  As noted earlier, there are 
some areas of standing water in the east. 
 
Water levels will fluctuate seasonally in response to rainfall or lack thereof.  Based on our 
experience at the site, we estimate that the normal wet season high water table will be at depths 
in the range 0 to 4 feet below existing grade.  The water level will be shallowest in the low-lying 
areas in the east and deepest in the west. 
 
We have used the measured levels to generate a contour map of the water table across the 
property.  This map is reproduced herein on Sheet 11.  On Sheet 12 is a map of the estimated 
wet season high groundwater table.  This map is based on no permanent dewatering systems 
being in place.  We compared this map to a property wide contour map that we produced in 1994 
for the estimated normal seasonal high water table and there was reasonably good correlation. 
 
We recommend that these maps be the basis for design of the various facilities with respect to 
water table conditions.  PSI should however be afforded the opportunity to review critical areas 
with respect to design water levels as work on this project continues. 
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SITE SUITABILITY 
 
Based on the results of the borings, subsoil and groundwater conditions at the site are considered 
suitable for development from a geotechnical engineering perspective.  For the most part, we 
consider that it will be possible to support the various buildings and slide foundations on shallow 
spread footings.  Such foundations should be based in either densified native sands or compacted 
engineered fill.  A design bearing value of 3,000 pounds per square foot (psf) can be used to size 
the building/slide foundations. 
 
Some of the construction may be subjected to relatively heavy uplift forces, either due to wind 
forces or unbalanced hydrostatic pressures.  If these forces cannot be safely resisted by dead 
weight alone, then some form of anchor pile will be needed.  We suggest that properly reinforced 
augercast piles be used for this purpose. 
 
Below ground construction should be waterproofed as necessary plus be designed to resist earth 
pressures as well as unbalanced hydrostatic pressures.  At a minimum, we recommend that all 
pool shells be provided with an underdrain system to allow for lowering the water table below 
such facilities prior to emptying them for maintenance.  At some locations, it may be necessary 
to provide a permanent dewatering system to control water levels and protect the in-place 
construction. 
 
Conventional site preparation and construction should be carried out for the pavement and 
hardscape areas of the project.  For the retaining wall along the property line adjacent to the I-4 
ramps, a cantilever steel sheet pile wall is considered appropriate to limit impacts to utilities in 
the area. 
 
More detailed discussions related to site preparation and foundation design matters for the 
project follow. 
 

SITE PREPARATION RECOMMENDATIONS 
 
Clearing 
 
At the outset of construction, the site should be cleared of existing unwanted ground cover, organic 
topsoil materials and basecourse in former staging/storage areas.  The stripping/clearing work 
should extend at least 10 feet beyond the outside edges of planned buildings, slides, pools and 
pavements wherever practical.  The root systems of trees and major scrub should be removed in 
their entirety.  As part of the initial clearing/preparation activities, any conflicting buried utilities 
should be removed with the resulting excavations being infilled with compacted engineered fill. 
 
The initial site clearing work and site preparation activities should be carried out under the 
observation of a representative of this office, to confirm the adequacy of the work. 
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Subgrade Proof Rolling and Filling 
 
After performing the clearing operations detailed herein, the development areas should be proof 
rolled. This should be accomplished using a large self-propelled vibratory compactor (e.g., Dynapac 
CA-25).  Proof rolling should be carried out by making repeated overlapping coverages of the 
subgrade, to attain a degree of densification of at least 95 percent of the material’s ASTM D-1557 
modified Proctor maximum dry density to a depth of at least one foot. 
 
If unsuitable/yielding soils are observed during proof rolling operations, such materials should be 
removed in their entirety and be replaced with clean granular fill (engineered fill) that is thoroughly 
and uniformly compacted. 
 
Subgrade proof rolling operations should be carried out under engineering surveillance of a 
representative from this office with a program of field density control in effect.  One of the main 
focuses of the on-site proof rolling observations will be to ascertain if there are any pockets of 
unsuitable materials in the building, pool and pavement areas that will require removal/replacement.  
 
Next, engineered fill should be placed in 12-inch maximum lifts as measured in loose thickness.  
Each lift should be uniformly compacted to at least 95 percent of the material’s ASTM D-1557 
modified Proctor maximum dry density, prior to placement of subsequent lifts.  The fill should be 
placed at a moisture content within 2 percent of optimum required to attain maximum dry density.  
Subsequent lifts should be placed and compacted in a similar manner until achieving proposed 
finished grades. 
 
Engineered fill material should consist of clean sand that is free of organic matter and other 
deleterious substances.  It should ideally have a fines content that does not exceed 12 percent (i.e. 
less than 12 percent by dry weight passing the U.S. Number 200 sieve).  The source and suitability 
of proposed off site fill should be confirmed by PSI prior to bringing the material on site. 
 
All earthwork operations should be carried out in accordance with current OSHA criteria and 
regulations. 
 
Pond Infilling 
 
The existing wet bottom pond at the south end of the site is to be reclaimed for the support of a 
building and at-grade pavement.  This work should be carried out in the dry so as to facilitate the 
compaction of the backfill.  Following the initial removal of the free water, the pond should be 
cleared of the side slope vegetation and any soft bottom sediments.  These materials should be 
properly disposed of off-site.  Additionally, any buried utilities in the pond area should be removed 
after initial dewatering. 
 
Next, 2 to 3 feet of sand fill should be placed in the pond bottom.  This fill should consist of a clean 
well-draining “orange grove” sand (less than 5 percent fines passing the U.S. Standard No. 200 
sieve). The material should be placed to a stable and unyielding condition.  Subsequent fill should 
meet the criteria noted in this report for engineered fill and be placed in uniform one foot thick lifts.  
Each lift should be compacted to at least 95 percent of the material’s ASTM D-1557 maximum dry 
density.  Fill placement and compaction should continue in this manner until reaching proposed 
finished grade. 
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Groundwater Control 
 
Groundwater control will be required to allow for construction of the equipment pits and pool shells 
in the dry.  Additionally, dewatering will be required for the installation of utilities.  Based on the 
prevailing subsoil conditions, dewatering can be accomplished with either sump pumps, sock drains 
or wellpoints.  The selection of system will depend on the depth of drawdown and the duration of 
the required dewatering.  Dewatering systems should be designed and operated in accordance with 
regulatory criteria. 
 
To dewater the volcano bunker, it may be necessary to use deep wells with individual pumps to 
achieve the necessary groundwater control for construction of this facility.  Per your request, PSI 
will provide input into the design of the dewatering system for the bunker for inclusion on the 
project drawings and in the specifications. 
 
At this time, it is not known if any permanent groundwater control will be needed to protect the 
various construction elements of the project.   Should a permanent system(s) be required, we can 
provide input into the same as design on the project proceeds. 
 

SHALLOW FOUNDATION CONSIDERATIONS 
 
General 
 
Provided the previously described clearing, grading and subgrade preparation recommendations are 
properly performed, the results of the exploration and analysis indicate that the proposed structures 
and slides of the water park can be supported by shallow spread footings.  The foundations should 
bear in densified native sands and/or compacted engineered fill. 
 
For design, the footings can be sized using a net allowable bearing pressure of 3,000 psf for both 
column (square type) and wall (strip type) footings.  In order to avoid "punching type" shear 
failures, the wall and column footings should be at least 18 and 36 inches in width, respectively.  
Conventional spread footings should be embedded a minimum of 18 inches below adjacent 
compacted grade.   
 
The bearing value is a net allowable pressure and the weight of the foundation concrete and the soil 
above can be ignored in size computations.  For load combinations that include wind, the bearing 
value can be increased by one-third.  Additionally, for eccentrically loaded foundations (e.g. 
retaining walls), a point/edge load of 4,000 psf would be acceptable provided that the uniform load 
across the full width of the foundation is 3,000 psf or less. 
 
Alternate foundation systems to conventional column pad and strip footings that may be used on the 
project include monolithic thickened edge slabs and post-tensioned slabs.  If such systems are used 
for the project, they should be designed and constructed in accordance with appropriate Building 
Codes and Standards.  Mat foundation systems may also be used for equipment pits and any heavily 
loaded areas. 
 
Resistance to lateral loads may be provided by earth pressure mobilized on the buried vertical faces 
of the footings and by shearing forces acting along the footing subgrade interface.  Earth pressure 
resistance may be determined using an equivalent fluid density of 180 pcf for moist soil and 90 pcf 
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for submerged soil below the water table.  A friction factor of 0.4 should be used to determine base 
shearing resistance.  An appropriate factor of safety should be used in the lateral design. 
 
Based on our understanding of foundation loads, we expect settlements to be within tolerable 
structural limits (i.e. total settlements not exceeding one inch with differential settlements of one 
half inch or less).  Given the generally granular nature of the subsoils, foundation settlements will 
occur relatively quickly after initial load application, with the majority of the movement taking 
place during the construction period. 
 
At this time, the foundation loads for the volcano and its equipment bunker are unknown to us.  
Once these loads are better defined, we request the opportunity to review potential settlement 
movements for this particular structure.  At this time, with the range of loads provided (up to 1,000 
kips), total settlements may exceed one inch. 
 
Slab on grade construction can be used for the ground floor of the buildings.  The slabs should be 
supported on compacted sand fill and/or densified native sands.  An impermeable membrane should 
be provided below slabs to reduce potential moisture problems with the various floor coverings 
likely to be used on the project.  To avoid potential problems with cracking because of differential 
loadings, the floor slabs should be liberally jointed and separated from columns and walls. 
 
Foundation Excavations 
 
Based on the results of the borings, the soils at the site can be excavated with normal excavation 
equipment.  Where required, slope protection should be provided in accordance with the most recent 
OSHA regulations.  
 
All foundation excavations should be observed by a representative of PSI to explore the extent of 
any fill and excessively loose, soft, or otherwise undesirable materials.  If the foundation bearing 
soils are observed to be suitable as load bearing materials, the soils should be prepared for 
construction by compacting to a density of at least 95 percent of the material’s modified Proctor 
maximum dry density (ASTM D-1557).  The required compaction should be achieved for a depth of 
at least two feet below the bottom of the footing base. 
 
If soft pockets of soil are encountered in the footing excavations, then such unsuitable materials 
should be excavated and backfilled with suitable granular fill.  This backfilling may be done with a 
well-compacted, suitable fill such as clean sand, gravel, or crushed No. 57 or No. 67 stone or with 
very lean concrete.  Sand backfill should be compacted to a density of at least 95 percent of the 
material’s modified Proctor maximum dry density (ASTM D-1557), as previously described. 
Gravel/stone should be compacted to a firm/unyielding condition. 
 
Immediately prior to placement of foundation reinforcing steel, it is suggested that the bearing 
surfaces of all footing and floor slab areas be compacted using hand operated mechanical tampers. 
In this manner, any localized areas, which have been loosened by excavation operations, can be 
adequately re-compacted. 
 
Soils exposed in the bases of all foundation excavations should be protected against any detrimental 
change in conditions such as from physical disturbance or rain.  Surface water run-off should be 
directed away from the excavations and not be allowed to pond.  If possible, all footing concrete 



Universal Orlando January 14, 2015 
PSI Project No. 07571238 Page 9 of 13 
 
 

 

should be placed the same day the excavation is made.  If this is not possible, the footing 
excavations should be adequately protected. 
 

PILE FOUNDATION CONSIDERATIONS 
 
Piling may be required for support of heavy foundation loads and for possible uplift resistance to 
facilities subject to heavy wind forces or large unbalanced hydrostatic pressures.  Subsoil conditions 
lend themselves to the use of augercast piles.  For properly reinforced pressure grouted augercast 
piles (nominal 16-inch diameter) allowable design capacities as provided below should be 
attainable.  
 
    Compression   –   50 tons 
    Tension  –   30 tons 
    Lateral   –     6 tons 
 
The capacities are based on the piles being installed at least 40 feet into soil.  Actual pile lengths 
should be confirmed through a program of load testing as discussed herein.  Additionally, 
depending on the cut off elevation of the top of the pile, lengths may vary with the performance of 
deeper structure specific borings being required to evaluate lengths. 
 
The lateral capacity assumes a fixed-head condition in the pile cap, with some nominal movement 
(one-quarter inch or so) being tolerable.  Additional lateral resistance can be provided from the 
passive resistance developed on the edges of the pile cap.  Piles should be installed at a minimum 
center to center spacing of 4 feet.  At least 6 feet should be maintained between 
installing/constructing new piles adjacent to piles that are less than 24 hours old. 
 
Augercast piles should be installed to predetermined design tip elevations established by means of a 
pile load test program.  Additionally, the piles should be drilled in one continuous operation to the 
desired penetration depth.  Grouting of augercast piles must similarly be carried out in a continuous 
operation without intermittent delays.  Care should be exercised to provide an adequate supply of 
fresh grout to the auger tip at all times during casting. Monitoring of auger depth, grout 
volume/flow, and grout pressures is considered essential to ensure proper construction of augercast 
piles.  All piles which encounter obstructions or delays during installation should be immediately 
redrilled. 
 
Reinforcement cages may be installed from the ground surface by lowering through fresh grout. 
Cages should be adequately designed with helical or hoop steel and centralizers to properly locate it 
within the pile shaft.   Single reinforcement bars or bundles should be installed to full depth 
however to provide uplift resistance.  As a general means of checking pile integrity, we recommend 
that all augercast piles be provided with a full length reinforcing bar. 
 
To confirm pile capacities, we suggest that a load test program be carried out.  In addition to 
carrying out a static load test, we suggest that several indicator piles be installed throughout the area 
where piles are required.  The purpose of the indicator piles would be to confirm that the piles can 
be constructed to the projected tip depths. 
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At one of the indicator pile locations, a static load test would be completed.  The actual test pile 
should be a throwaway, preferably loaded to failure.  Four production piles could be used as 
reaction for the test frame with these piles being monitored for tension movement.  The 
compression load test should be conducted using the quick test procedures in accordance with 
ASTM D-1143. 
 
Where the piles are required solely for uplift resistance, then a tension test should be completed to 
confirm capacity and performance.  The tension test should be carried out in accordance with 
ASTM D-3689. 
 
Based on our current understanding of loads as noted herein, we estimate that the total settlement of 
pile supported foundations will be on the order of one inch or less.  Differential settlement 
movements are anticipated to be one-half inch or less.  We estimate that the majority of the 
settlement movement will take place during the construction period as dead load is applied to the 
foundations. 
 
Augercast piles should be installed by a contractor with demonstrated experience in this type of 
work.  PSI will provide a representative on site to observe and record pile installation for the project. 
As design proceeds on the project, we can work with you and the Structural Engineer to optimize 
pile capacities if it is felt that such a design review could possibly provide a savings to the 
foundation systems of the project. 
 

OTHER CONSIDERATIONS 
 
Below Grade Construction 
 
Several below ground equipment pits are to be built as part of the project.  The largest of these pits 
will be the volcano bunker.  Such structures should be designed to resist earth and hydrostatic 
pressures plus be waterproofed as appropriate. 
 
Earth pressures should be based on at-rest conditions.  Above the water table an equivalent fluid 
density of 55 pcf may be used for this purpose, while below the water table, an equivalent fluid 
density of 90 pcf should be used for design.  The equivalent fluid densities are based on the 
structural backfill comprising sand.  Below ground structures and pits should be designed to resist 
unbalanced hydrostatic uplift forces.  The water table should be assumed at the existing ground 
surface for computation of the uplift pressures.  If this is not possible/practical, then drainage 
measures should be provided so that the water does not rise above the design level. 
 
The subgrade for the construction of the pits/below ground structures should be stable and 
unyielding prior to placing concrete.  In order to accomplish this, dewatering will be required and 
possibly some overexcavation of very clayey/silty soils.  Additionally, it may be necessary to use 
geotextile fabric and gravel to create a stable subgrade.  Discharge from dewatering systems should 
be handled in accordance with current regulatory criteria.  The dewatering system should not be 
decommissioned until sufficient deadweight exists on the structure to resist uplift forces. 
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For the larger pits, uplift due to unbalanced hydrostatic pressures may be a potential problem.  To 
resist such forces, it may be necessary to use protruding edges on the structural foundations and 
have the submerged weight of the soil provide sufficient counterbalance or alternately anchor piles 
(tension augercast piles) could be used to provide resistance. 
 
Earth Pressures on Walls 
 
Retaining walls should be designed to resist pressures exerted by the adjacent soils and hydrostatic 
head.  For walls that are not restrained during backfilling but are free to rotate at the top, active earth 
pressure should be used in design.  Walls that are restrained should be designed assuming at-rest 
pressures.  Recommended equivalent fluid densities for each pressure condition are presented 
below. 
 
 Active Pressure    At-Rest Pressure 
  Above water table - 35 pcf  Above water table - 55 pcf 
  Below water table - 80 pcf  Below water table - 90 pcf 
 
The above recommended pressures assume that adequate drainage is provided behind the walls to 
prevent the buildup of excess hydrostatic pressures.  This can be achieved by installing drains, using 
geotextiles or backfilling with free draining sand in association with adequate weep holes.   
 
Retaining wall design needs to consider loads from sloping backfill and construction surcharge 
loads (temporary and permanent) as appropriate.  For the retaining wall that is planned along the 
property line at the I-4 ramps, we would suggest a cantilever steel sheet pile be utilized. 
 
Pavement Areas 
 
Pavements are to be constructed as part of the project.  These pavement areas will include interior 
service roads and parking lots.  Provided that a minimum separation of 2 feet is maintained between 
the bottom of the base course and the normal seasonal high groundwater table, pavement base 
materials can comprise either limerock or soil cement.  If this minimum separation cannot be met, 
then soil cement should be used with underdrains possibly being required. 
 
For light and medium duty uses, recommended minimum pavement sections are as follows. 
 
 Light Duty 
 
  1.5 inches Type S asphalt 
  6.0 inches Limerock basecourse (LBR = 100) or soil cement (300 psi) 
  8.0 inches Stabilized subgrade (LBR = 30) for a limerock base or a 
    subgrade compacted to 98 percent of the material’s ASMT D-1557 
    maximum dry density if soil cement is used. 
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 Medium Duty 
 
  2.0 inches Type S asphalt 
  8.0 inches Limerock basecourse (LBR = 100) or soil cement (300 psi) 
  12.0 inches Stabilized subgrade (LBR = 30) for a limerock base or a 
    subgrade compacted to 98 percent of the material’s ASMT D-1557 
    maximum dry density if soil cement is used. 
 
Adequate drainage should be provided at the edges of the pavement to prevent potential problems 
due to migrating irrigation water.  Heavily landscaped areas adjacent to pavements and 
hardscape/buildings should be provided with underdrains.   
 
The pavements should be constructed in accordance with the City of Orlando specifications.  The 
noted pavement sections should be considered minimums based on experience and should be 
confirmed by the Project Civil Engineer. 
 
If specialty pavements are constructed for the project, it should be determined that the overall 
section has a Structural Number that meets the traffic needs, plus the base and subgrade should be 
designed/constructed in accordance with the suppliers/manufacturers requirements. 
 
Pool Underdrain Systems 
 
We recommend that the pool shells of the project including the shells of the lazy river and the rapids 
ride be provided with an underdrain system.  The system should include a gravel blanket with 
perforated underdrain pipes that lead to sump pits equipped with pumps.  The systems would only 
typically be used (pumped) during maintenance when the facilities are drained.  Prior to emptying 
the pools, the underdrain system would be pumped to reduce unbalanced hydrostatic pressures on 
the pool shells to prevent them from “popping out” of the ground.  The system would continue to be 
pumped until the pools are refilled with water. 
 
We would suggest that the grades of the pool shells be established such that the underdrain systems 
are not required during normal daily operations of the facilities, but only for maintenance purposes 
as discussed earlier. 
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REPORT LIMITATIONS 
 
Our professional services have been performed, our findings obtained, and our recommendations 
prepared in accordance with generally accepted geotechnical engineering principles and practices. 
This company is not responsible for the conclusions, opinions or recommendations made by others 
based on these data. 
 
The scope of the investigation was intended to evaluate soil conditions within the influence of the 
proposed structure foundations and does not include a detailed evaluation of potential deep soil 
problems such as sinkholes.  The analysis and recommendations submitted in this report are based 
upon the data obtained from the soil borings performed at the locations indicated.  If any subsoil 
variations become evident during the course of this project, a re-evaluation of the recommendations 
contained in this report will be necessary after we have had an opportunity to observe the 
characteristics of the conditions encountered.  The applicability of the report should also be 
reviewed in the event significant changes occur in the design, nature or location of the proposed 
structures. 
 
The scope of our services did not include any environmental assessment or investigation for the 
presence or absence of hazardous or toxic materials in the soil, groundwater, or surface water within 
or beyond the site studied.  Any statements in this report regarding odors, staining of soils, or other 
unusual conditions observed are strictly for the information of our client. 
 

CLOSURE 
 
We appreciate the opportunity to be of service on this project and we trust that the foregoing and 
accompanying attachments are of assistance to you and your consultants at this time.  In the event 
that you have any questions or if you require additional information, please call. 
 
Very truly yours, 
PROFESSIONAL SERVICE INDUSTRIES, INC. 
Certificate of Authorization No. 3684 
 

     
Ian Kinnear, P.E.     Robert A. Trompke, P.E. 
Chief Geotechnical Engineer    Principal Consultant/Department Manager 
Florida License No. 32614    Florida License No. 55456 
 
07571238 (NBC Universal Project 533)114 
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